This paper describes the analysis tool DSPNexpress which has been 
been the only software package which has contained a numerical solution algorithm for DSPNs. However, the version 1.4 of GreatSPN contained rather inefficient numerical solution algorithm for calculating transient solutions of GSPNs and the steady-state solution of DSPNs. In particular, the numerical DSPN solution component of GreatSPN severely hampered their applicability for modeling complex systems. In a recent paper the version 1.5 of GreatSPN has been introduced [7] . In this newest version of the software package GreatSPN the numerical solution module for DSPNs has been removed and a software module for interactive timed simulation has been added. The availability of this component constitutes one of the major contributions of GreatSPN1.5. Moreover, several "compiling techniques" [6] have been implemented which yield a reduction of run time and memory space required for the reachability graph construction. However, the numerical solution algorithm for calculating transient solutions of GSPN models is still based on an adaptive matrix exponentiation method which has proven to be rather inefficient [12] . Moreover, the graphical interface of GreatSPN1.5 still runs under SunView which limits its portability.
At Duke University, Kishor Trivedi together with his former students Gianfranco (4) A numerical solution approach for dealing with marking-dependent firing delays of deterministic transitions is implemented in DSPNexpress. Thus, the DSPN solution process has been extended in order to cope with marking-dependent firing delays of deterministic transitions. The basic idea is to scale each row of the generator matrix of the subordinated Markov chain of this deterministic transition by the delay specified for the corresponding marking [15] . Thus, the general apprach for dealing with marking-dependent firing delays introduced in [2] hasbeen tailored to the deterministic case. This extension to the modeling power of DSPNs is useful for representing state-dependent deterministic service times which occur in fault-tolerant systems with gracefully degradable performance.
(5) The interaction between software modules of the DSPN solution process is mostly performed by interprocess communication with sockets [11] rather than by employing input/output files. This yields a considerable reduction of the system overhead required by I/O operations from and to the disk in case of evaluating complex DSPNs.
(6) The reachability graph construction is performed for confusion-free DSPNs by an graph-based algorithm which eliminates vanishing markings. The algorithm first tries to generate the tangible reachability graph by the time-efficient version which is based on the method proposed in [4] . The coding structure of the search tree is organized as proposed in [10] . In case the memory requirements exceed the main memory of the available workstation the algorithm retries the generation the tangible reachability graph by a memory-efficient version which is less timeefficient. The Markov chains subordinated to the deterministic transitions are derived during the construction of the tangible reachability graph and subsequently decomposed in their connected components.
(7) The organization of DSPNexpress exploits the property that each generalized stochastic Petri net (GSPN) can be considered as a DSPN without deterministic transitions. As a consequence, a unified solution process for both DSPN and GSPN models is provided by DSPNexpress.
(8) All software modules of DSPNexpress are implemented in the programming language C to ensure good portability of the package. DSPNexpress employs the UNIX™ tools lex, yacc, csh, rsh, make, and several UNIX™ system calls (e.g.
clock and exec).
(9) DSPNexpress has a user-friendly graphical interface running under the X11 window system which is described in section 4.
The previous table compared DSPNexpress with the software packages SPNP3.0, GreatSPN1.5, and UltraSAN according to their description in [7] , [8] , and [10] , respectively. If a specific feature is not available in one of the packages, the appropriate entry is labeled with N/A. The linear system is solved by either a direct or an iterative method depending on the size of the transition probability matrix. The direct solver is a sparse implementation of the Gaussian elimination method introduced in [18] which has been revised and reimplemented in the programming language C. The iterative solver is an implementation the command line an online help is provided in the upper part of the graphical interface explaining the actions currently available. The message displayed in Figure 4 indicates that clicking the left mouse button inserts a deterministic transition. In Figure 4 The editor for defining marking-dependent firing delays is shown in Figure 8 . This 
Performance Measurements of the DSPN Solution Algorithm
To illustrate the power of DSPNexpress we consider a DSPN model with several In a first experiment the mean write request rate is kept fixed to 0.1 time units and the marking parameter K is varied from 3 to 19. In Figure 10 the CPU time for deriving the EMC by GreatSPN1.4 improved by the numerical algorithm introduced in [13] (labeled with G imp ) is compared with the CPU time required by a sequential execution of the software module derive_EMC of DSPNexpress (labeled with D seq ). Figure 10 shows that the newly designed software architecture of DSPNexpress yields a further substantial reduction of the computational effort required for calculating the steadystate solution of this DSPN. This is due to the separate execution of the transient analysis for the five SMCs of the deterministic transitions.
Users of a performance analysis tool are also interested in the overall computation time a software package requires in order to solve a model. Thus, Figure 11 and Figure   12 show measurements conducted on a cluster of Sun™ 4/50 workstations running exclusively DSPNexpress as application. Figure 11 
Conclusions
In this paper the software package DSPNexpress has been introduced for an efficient numerical evaluation of DSPN models. DSPNs are noteworthy for performance modeling because this modeling formalism allow the representation of both exponentially distributed and deterministic timing. To the best of the author´s knowledge there is currently no other software package available which is able to calculate steady-state solutions of complex DSPNs (e.g. with 60,000 tangible markings and several millions of state transitions) in reasonable computational effort on a modern workstation.
The core of DSPNexpress constitutes the numerical DSPN solution modules in which the numerical algorithm introduced in [13] 
